Economic theory says that participants in 401(k) plans should gradually rebalance their portfolios away from stocks and toward less risky bonds as they approach retirement. Conventional target date funds attempt to do so by automatically rebalancing the household's portfolio periodically, but they take account of only one aspect of the individual: his expected retirement age. This paper investigates whether plan providers could improve on this "one-size-fits-all" approach by making use of information that is known to the employer, namely each employee's income, 401(k) balance, and saving rate. Using a stochastic dynamic optimization model, incorporating both labor-and financial-market risk, it calculates the compensation a household following an optimal portfolio allocation would require for adopting three alternatives: a typical, a "one-size-fits-all," or a "semi-personalized" portfolio allocation.
Introduction
Economic theory says that participants in 401(k) plans should gradually rebalance their portfolios away from stocks and toward less risky bonds as they approach retirement. The rationale is that at younger ages households hold a substantial portion of their wealth in the expected present value of their remaining lifetime earnings, which is generally viewed as a relatively low-risk asset, so they should hold much of their financial assets in high-risk, high-return stocks. As households approach retirement, the value of the earnings asset declines, so they should compensate by rebalancing their investment portfolios away from stocks and into bonds. Many households fail to rebalance their portfolios as they age, reflecting both inertia and a lack of investment skills. As a result, 401(k) plans offer life-cycle or target date funds that automatically rebalance the household's portfolio with age. Conventional target date funds take into account only one aspect of an individual: the employee's expected retirement date. In fact, the plan provider knows additional information about the individual, including his earnings, the balance in his 401(k) account, and his saving rate. Using a stochastic dynamic optimization model of household consumption and portfolio allocation, this paper compares how much a conventional, "one-size-fits-all" target date fund improves the outcome relative to what individuals would do on their own and how much taking into account the additional information improves the outcome compared to the one-size-fits-all target date fund. This paper proceeds as follows. The first section reviews previous research. The second section describes the household's optimization problem and establishes the benchmark -expected discounted lifetime utility from an optimal investment strategy -against which each 401(k) investment option is compared. The third section describes the horse race in which the outcome for each of the three allocation approaches is compared to the benchmark. The fourth section considers how the ranking of these strategies might be affected if the one-size-fits-all and semi-personalized portfolio allocations were based upon incorrect estimates of the household's level of risk aversion. It also suggests two additional adjustments -basing portfolios on estimated household characteristics rather than relying solely on participant data. and taking into account the riskiness of the participant's earnings -that may bring outcomes closer to the optimal. The final section concludes that a target date fund is a better strategy than leaving the household on its own and that adding information to the one-size-fits-all target date fund can bring the outcome even closer to the optimal for the great majority of households.
Previous Research
Economists typically calculate optimal portfolio allocation under the assumption that households maximize expected utility over their lifetimes. A substantial literature considers optimal portfolio allocation over the life cycle, and how optimal portfolio allocation might be affected by labor income uncertainty.
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The above authors also assume a fixed retirement age of 65. If households are able and willing to respond to financial market shocks by delaying retirement, they may optimally choose to invest more aggressively. We observe considerable heterogeneity in retirement ages, reflecting health shocks and differences in preferences and in labor market realizations. It is less clear to what extent households are able and willing to adjust their retirement ages in response to financial market shocks. Gustman and Steinmeier (2002) , Coronado and Perozek (2003) , and Sevak (2002) show that the stock market boom of the 1990s had a modest but significant effect on the age of retirement. Using preference parameters from Gustman and Steinmeier (2005) , Gustman, Steinmeier, and Tabatabai (2009) estimate that the [2007] [2008] [2009] stock market crash may lead to an increase in the average age of retirement of only a few months among those who did not suffer involuntary job loss. This small effect reflects small average 401(k) balances and highly conservative investment allocations of non-pension financial assets. One might expect larger effects among households who had accumulated more significant amounts of financial wealth. But the evidence suggests that the disutility of work increases fairly rapidly with age and declines in health, so that even households suffering large wealth shocks may be reluctant to work many more years. If so, delaying retirement may provide only limited protection against financial market shocks.
This literature shows that, in the absence of labor income uncertainty, households should gradually rebalance their portfolios away from risky stocks and into lower-risk bonds as they age. The reason is that, at younger ages, most of the household's wealth is in the form of relatively low-risk human capital. This asset has bond-like investment characteristics and substitutes for bonds in the household's portfolio. As the household approaches retirement, the value of remaining lifetime human capital declines and the value of financial assets increases, so the household optimally rebalances in favor of bonds. When labor income is risky, its investment characteristics become less bond-like and more stocklike. Maurer, Mitchell, and Rogalla (2010) show that when labor market earnings are risky, the optimal response is to increase savings and reduce the portfolio share allocated to risky assets. A positive correlation between labor market earnings and stock returns accentuates the above effects.
The recommendations of financial planners generally accord with the predictions of economic theory. Financial planners do not model optimal portfolio allocations within an expected utility maximizing framework, but instead emphasize the household's willingness and capacity to bear risk.
Both capacity and willingness will be influenced by the factors discussed above.
The Benchmark
Comparing alternative approaches to asset allocation requires a benchmark. The approach taken in this study is to use numerical optimization techniques to model optimal savings and asset allocation.
We assume a married-couple household with a constant relative risk aversion (CRRA) utility function of the following form:
(1)
where λ measures the jointness of consumption; denote the consumption of the husband and wife at time t; and γ is the coefficient of risk aversion. When λ equals one, all consumption is joint. When λ equals zero, none of the household's consumption is joint. We assume that λ equals 0.5. Chiappori and Paiella (2011) argue that a CRRA utility function characterizes the risk preferences of typical households.
The household's objective is to maximize:
where m is marital status (married, surviving male, or surviving female); is a rate of time preference, assumed to be 0.97; is the probability of being in marital status m at time t; and is consumption at time t in marital state m.
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The household faces the following budget and non-negativity constraints: The household faces uncertainty in both the labor and capital markets. We assume that households can invest in both a risk-free bond, yielding a 3-percent real interest rate, and risky stocks, with real returns log normally distributed with a mean of 6.5 percent and standard deviation of 20 percent. 6 We model labor income uncertainty using model and parameter values in Scholz, Seshadri, and Khitatrakun (2006) . They assume that the household model of log earnings is;
where is the observed earnings of the household i at age j in 1992 dollars; is the household specific constant; is the age of the head of the household; is an AR(1) error term of the earnings 4 The Social Security retired worker benefit payable at the Full Retirement Age is a non-linear function of Average Indexed Monthly Earnings (AIME). AIME is the average of the highest 35 years' earnings, with earnings for years prior to the year in which the individual attained age 60 being indexed to the National Average Wage Index. Reflecting both the limits of computational feasibility and the focus of their research, Mitchell, Maurer, and Rogalla (2010) modeled Social Security benefits as a function of final year earnings, instead of average lifetime earnings. Their approach will likely overstate the riskiness of Social Security and potentially yield biased estimates of optimal portfolio allocations at younger ages. The magnitude of this bias is unclear ex-ante. We follow Benitez-Silva et al. (2007) and model benefits as a function of indexed lifetime earnings, making an adjustment to reflect the fact that the average of the highest 35 years earnings will be somewhat higher. 5 The taxation treatment of Social Security benefits is as follows. First, the household's "combined income" is calculated. This equals regular taxable income plus 50 percent of Social Security income. The amount of Social Security income that is taxable is the minimum of three tests: (1) 50 percent of combined income over the first threshold ($25,000 for singles and $32,000 for married couples), plus 35 percent of combined income over the second threshold ($34,000 for singles and $44,000 for married couples); (2) 50 percent of benefits plus 85 percent of combined income over the second threshold; and (3) 85 percent of benefits. See Internal Revenue Service (2012). 6 In reality, the real yield on long-dated bonds fluctuates considerably, while there is also considerable evidence that stock returns exhibit mean reversion. Campbell and Viceira (2002) show that long-term bonds are the true risk-free asset for long-term investors because they provide a guaranteed income. If stock returns exhibit mean reversion, then the optimal equity allocation should reflect whether expected returns are high or low relative to the long-run average. But incorporating the above features would greatly complicate our model without yielding any important additional insights.
equation; and is a mean zero i.i.d. normally distributed error term. They report parameter estimates in their Appendix Table A1 . 7 We assume coefficients of risk aversion of two and five. These figures rest within the range of 2 to 10 reported in the literature, depending in part on whether the estimates are derived from portfolio theory, purchases of insurance, economic experiments, or preferences over lotteries (Chetty 2003) . The retirement age is assumed to be 65.
Our model abstracts from many characteristics that might affect portfolio allocation. In particular, we ignore the house, which is both a risky asset and a hedge against uncertain rental costs. We ignore medical costs and health shocks. This decision reflects computational constraints. A financial planner would likely consider the above factors when recommending portfolio allocations. It is unclear whether the financial planner's recommendations, which are based on his judgment and experience, perhaps supplemented by the results of Monte-Carlo simulations, yield better outcomes than those produced by our mathematical model of optimizing behavior.
Once the model is constructed, the first step is to estimate it with fully optimizing behavior for the typical household. In each period, starting at age 22 when the household has zero wealth, it chooses how much to consume and how to allocate its portfolio between risky stocks and a risk-free bond. The results vary by the household's degree of risk aversion and the level and the uncertainty surrounding its earnings.
The Horse Race
The model is then re-estimated under three scenarios, in which the household is constrained to invest in: 1) the portfolio held by the typical household; 2) a one-size-fits-all target date fund; and 3) a semi-personalized target date fund that takes into account the individual's earnings, 401(k) balance, and saving rate. In each case, the model yields an expected utility of lifetime consumption, which can be compared to the utility of the consumption produced by the optimal portfolio. In our initial analyses, we assume that the semi-personalized and one-size-fits-all portfolios are constructed using the same coefficient of risk aversion used to construct the optimal portfolio. We later relax this assumption and consider the consequences of constructing target date portfolio allocations using plausible but incorrect estimates of the household's coefficient of risk aversion. The measures used for comparing the three scenarios to fully optimizing behavior are the percentage increase in annual salary that the household 7 The model abstracts from the risk of unemployment. Incorporating the risk of unemployment would greatly complicate the analysis because we would need to both model this source of risk and incorporate social insurance programs and labor supply responses within the family.
would require to be indifferent between the specified portfolio and the optimal portfolio, and the amount to which that increase would grow by age 65 at the risk-free rate.
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The key fact to keep in mind is that the benchmark results are for the household and based on the household's information, but the portfolios for the one-size-fits-all and the semi-personalized alternatives in the horse race described below are based on information about the participant, the only information the plan provider has available.
The Typical Portfolio. For the first horse in this race, the household is given a typical portfolio allocation and is allowed to select an optimal saving rate, given this allocation. The results are used to calculate the percentage salary increase that the household would require to be indifferent between the typical and the optimal portfolio allocation, and the average amount that this percentage of salary would grow to by age 65. Households adopt widely differing portfolio allocations, and we acknowledge that these portfolio allocations may reflect optimizing behavior, given differing preferences, risk factors, and endowments. If so, then switching households into any kind of target date fund would reduce well-being, except in the rare case in which the target date fund exactly matched the household's preferences. The minority of households that is financially literate or has access to financial planning advice is, of course, free to override the target date fund defaults.
Many studies have documented extremely low levels of financial literacy (Lusardi and Mitchell, 2011; Lusardi, 2012) , suggesting it is unlikely that portfolio allocations will typically be chosen as the result of optimizing behavior. Huberman and Jiang (2006) show that 401(k) plan participants typically adopt a 1/n heuristic. Mitchell et al. (2006) show that households rarely rebalance their portfolios. Our analysis of the Survey of Consumer Finances (SCF) data supports this view. Households in the SCF are asked about the amount of financial risk they are willing to take when saving or making investments. Although we find a statistically significant correlation between responses and portfolio allocations, it is much smaller than would be predicted from an intertemporal optimization model incorporating plausible variations in levels of risk-aversion. The absence of a strong relationship is consistent with a minority of financially literate households attempting to optimize their portfolio allocations based on their risk preferences, while remaining households either misunderstand the risk characteristics of investments or adopt some heuristic.
9 8 This approach is analogous to the annuity equivalent wealth calculation made in the annuitization literature (Brown and Poterba, 2000) , the percentage increase in age 65 wealth that would leave the household indifferent between an actuarially fair annuity and an optimal decumulation of unannuitized wealth. We choose age 65 in preference to age 22 because liquidity constraints would prevent the latter amount from ever being negative. 9 This relationship holds both in simple correlations and in econometric models in which we control for financial assets, income, age, and 401(k) eligibility.
Reflecting the above literature, we assume that the portfolio allocations of many households are uncorrelated with risk preferences and that these households do not rebalance their portfolios with age or in response to financial or labor market shocks. Instead, we assume that they adopt age-invariant allocations of 401(k) contributions, the allocations chosen so that, averaged over Monte-Carlo simulations, they result in the average age 55-64 portfolio allocations observed in the 2007 SCF for households in their income tercile.
The analysis includes three prototypical households with different levels of earnings. Our base case is a two-earner, college-educated couple, with an earnings process estimated by Scholz, Seshadri, and Khitatrakun (2006) for that household type. Their model predicts average earnings for this household type of $91,000 in 2012 dollars. We also consider low and high earners, who earn half and double the above amounts but face the same degree of labor income uncertainty.
Assuming a coefficient of risk aversion of five, and given the baseline assumptions, the household with average income would require a 0.79-percent increase in salary as compensation for investing in the typical portfolio compared to the optimal strategy. The above number may at first appear small but, if it were set aside and invested each year at the risk-free rate, it would grow to $60,000 by age 65 (see Table 1 top panel). A high-earner household would require a similar percentage increase in salary (0.80 percent), but the cumulative amount would equal $122,000 at age 65, reflecting the household's higher lifetime earnings. At a coefficient of risk aversion of two, the required compensation is substantially greater because the typical portfolio is highly conservative. A household with average income would require a 3.95 percent increase in salary, which would grow to $300,000 by age 65.
A One-Size-Fits-All Target Date Fund. The second horse is a one-size-fits-all target date fund portfolio. According to the life-cycle model, households should gradually rebalance from stocks to bonds as they age, reflecting the declining value of their human capital. The plan provider designs a fund that gradually reduces the share of equities in the portfolio. The portfolio will be derived from a model similar to the one discussed above, which serves as a benchmark in this study, and would be -by designoptimal for the average household, had the allocation been based on household information. However, as discussed above, the plan provider only knows the earnings of the individual, so the portfolio allocation is somewhat suboptimal even for the average household.
The percentage increases in salary and dollar amounts at age 65 that households investing in the optimal portfolio would require as compensation for investing in the one-size-fits-all fund are reported in the middle panel of Table 1 .
Assuming a coefficient of risk aversion of five, and given the baseline assumptions, the household with average income would require a 0.50-percent increase in salary for investing in the one-size-fits-all portfolio compared to the optimal strategy. A comparison of the numbers in the top panel with the corresponding number in the middle panel shows that, in all the cases studied, the one-size-fitsall portfolio is closer to the optimal than the typical portfolio, reflecting the benefits of adjusting portfolio allocation over the life cycle.
A Semi-Personalized Target Date Fund. The third horse is a semi-personalized target date fund portfolio that reflects information known to the employer, namely the participant's earnings, saving rate and plan balance. Subject to the important caveat referred to above, namely that the model used to construct the semi-personalized portfolio incorporates all risk factors and correctly reflects the household's risk tolerance, the semi-personalized strategy would be optimal at each income level if the allocation had been based on the household's information. Given that it reflects only the participant's earnings, 401(k) assets, and saving rate, households remain in a suboptimal position and require some compensation. For a household that has precisely the average income, by definition, the semipersonalized portfolio performs just as well as the one-size-fits-all target date fund.
The percentage increases in salary and dollar amounts at age 65 that households investing in the optimal portfolio would require as compensation for investing in the semi-personalized fund are reported in the bottom panel of Table 1 . Assuming a coefficient of risk aversion of five, and given the baseline assumptions, the household with twice the average income would require a 0.35-percent increase in salary for investing in the semi-personalized compared to the optimal strategy. A comparison of the numbers in the middle panel with the corresponding numbers in the bottom panel shows that in all the cases studied the semi-personalized portfolio is at least as close to optimal as the one-size-fits-all portfolio, reflecting the benefits of making use of more information known to the employer.
Improving the Results
In this section, we consider how the ranking of the above strategies might be affected if the portfolio allocations of the one-size-fits-all and semi-personalized plans were based on incorrect estimates of household risk preferences. We also consider how the performance of the semi-personalized plan could be improved by basing asset allocation on estimated household information rather than simply on what is known about the participant, and by taking earnings uncertainty explicitly into account.
Using incorrect estimates of risk preferences.
A potential concern with both the semipersonalized and one-size-fits-all portfolios is that they may be based on incorrect estimates of households' risk preferences. The two lower panels in Table 2 report the percentage increases in salary and dollar amounts that households would require as compensation for investing in a one-size-fits-all or semi-personalized portfolio that incorrectly assumes their coefficient of risk aversion is two, when it is really five, or assumes that it is five when it is really two.
A typical household with a coefficient of risk aversion of two would require compensation of 0.33 percent of salary for being placed in a one-size-fits-all portfolio designed to be optimal for the typical individual with a coefficient of risk aversion of five. This result compares with the 0.15 percent of salary compensation it would require for being placed in a one-size fits-all fund designed to be optimal for the typical individual with a coefficient of risk aversion of two. When the household with a coefficient of risk aversion of five is placed in a fund designed to be optimal for the typical individual with a coefficient of risk aversion of two, the required compensation is even greater, at 0.51 percent of salary, compared to 0.50 percent when the fund assumes a correct level of risk aversion. A similar pattern emerges with the semi-personalized portfolio allocation. In all the cases studies, both the one-size-fits-all and semi-personalized portfolio allocations are dramatically superior to the typical portfolio allocation, even when these portfolios are based on incorrect estimates of risk-aversion. Although the imposition of incorrect preference parameters can sometimes result in the semi-customized portfolio allocation performing worse than the one-size-fits-all portfolio, the amounts by which it falls short are, in contrast, small.
But the above calculations also show that if there is heterogeneity in risk preferences and if households are ill-equipped to choose portfolio allocations that reflect their risk preferences, household well-being would be significantly enhanced if plan sponsors elicited those preferences and tailored portfolio allocations accordingly. Counterintuitively, the costs imposed on households of plan sponsors incorrectly assuming that households are risk averse exceed the costs of incorrectly assuming that households are risk tolerant. Risk-tolerant households place a high value on the ability to benefit from the equity premium. Given heterogeneity in risk preferences, plan sponsors that are seeking to minimize the incidence of really inappropriate portfolio allocations and are unable to elicit risk preferences should assume relatively modest coefficients of risk aversion.
Individual versus Household. The calculations in Section 3 assume that the employer observes only the participant's income and 401(k) plan balance but has no information regarding the spouse's income and 401(k) plan balance or the household's non-401(k) financial assets. One solution would be for the plan sponsor to ask the employee for this information. If the employee correctly reports income and accumulated financial assets, the semi-personalized strategy would be optimal at each income level, subject to the important caveat referred to above -namely that the model used to construct the semi-personalized portfolio incorporates all risk factors and correctly reflects the household's risk tolerance.
But how should the plan sponsor deal with the many employees who would be unlikely to supply this information? One potential solution is to use the SCF or similar data sets to construct an econometric model that could be used to predict the spouse's income and assets based on the participant's income, 401(k) plan balance, age, gender, marital status, and job tenure, all of which is known to the employer.
When predicting income, one would first predict whether the spouse is working and then predict the spouse's earnings, conditional on working.
In practice, even the best econometric model will not accurately estimate both income and financial assets. Furthermore, the plan sponsor's goal should not be to incorporate the best possible estimates of household income and assets, but to arrive at estimates that maximize expected utility.
Suppose that there is some probability that the spouse is working. Then the goal should be to maximize:
where is the household's income, conditional on the spouse working; and is the household's income, conditional on the spouse not working.
To gauge our ability to accurately forecast household income, we first estimate the following econometric model for men and women separately:
where the specification of the function is linear or standard normal, depending on whether we are estimating a probit model with the spouse's labor force participation decision as the dependent variable, or estimating an OLS model, with the log of the spouse's earnings or the log of the household's financial assets exclusive of the participant's 401(k) plan balance as the dependent variable; and where denotes age; the participant's income; the participant's 401(k) plan balance; the participant's job tenure; and and and dummies indicating whether the participant has less than a high school education or some college. Table 4 reports the impact of various types of forecasting errors for married men with average earnings who have a coefficient of risk aversion of five, and who are placed in the semi-personalized portfolio. Although not negligible, the amounts of compensation required, relative to an optimal portfolio are of an order of magnitude smaller than those required for similar households adopting typical portfolios.
Earnings Risk. The optimal portfolio allocation also depends on the riskiness of the household's earnings. Participants who have secure earnings can take on more risk in their 401(k) portfolios than those who face significant earnings uncertainty. Table 5 shows the compensation required for the semipersonalized approach, by earnings level and by degree of earnings uncertainty. As before, the semipersonalized approach is optimal for households with average earnings uncertainty at all income levels. It is close to optimal for those with below-average earnings uncertainty, because their optimal portfolios are similar to that of households with average earnings uncertainty. In contrast, the semi-personalized approach is far from optimal for households with more earnings uncertainty.
10 These losses could be eliminated by estimating labor-market risk by firm and adjusting the recommended asset allocation accordingly.
Conclusion
Many households fail to rebalance their 401(k) asset allocations as they age, which is at odds with the guidance provided by economic theory. In response, a large number of 401(k) plans now offer target date funds, which automatically rebalance portfolios. Although it is possible that the wide variation in portfolio allocations represents rational responses to widely differing circumstances and preferences, the behavioral finance literature suggests otherwise. If so, the target date approach is a clear improvement over leaving participants on their own. However, conventional target date funds follow a one-size-fits-all approach that accounts for only one variable: each worker's expected retirement date. We show that a semi-personalized target date fund, which also incorporates a worker's earnings, 401(k) account balance, and saving rate, generally outperforms the one-size-fits-all fund by more closely matching an optimal portfolio. These results can be improved even further by eliciting information on household risk preferences, by including information on the household, rather than simply the individual participant, and by taking into account the household's earnings uncertainty. 78,000 179,000 327,000 Notes: The standard deviation of the earnings shocks of the lowvolatility household is assumed to be zero, and that of the highvolatility household is twice the average. Source: Authors' calculations.
